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J 

j/emma d o n *zm*3n*m* 
xnxzzz^^fTsmt^x*-?®® d04) 
t. mxmmssnmfiti! a 02 ) s^ecosatsio* 
«*****=3'r*s»Ro^-^ass do 3) 

*3i*3fGiiss d o 5) i. tt»WES8-e#j«>fctt*/?f 
/»*<o*ig*««r*w*iggs d o 6) t^d^.. 

tt«*0KC «k 0 tU ft*M*< BMfcttJI t PIS $ ftjfc*c 

f»**2] 3tJa«s don coag*;® a i 
3) w«**^-^f *aa3t»*^^Ei8 d i4) 

^-^r^swsoTt^-^iEiis (i 1 5) t: mmm 

*sos«««x£r«sqiaje£igiii a 1 6) t. 

■*/«i««)«a*fls-r-5fl*ia» (in) 

(28<?!cof£Sffl73:lfci3P!] 
(0 0 0 1] 

[0 0 0 2] 

co o o 3] *m*Kmmu\im*tfHz\*\,—*y4it 

C0 0 0 4] #±a*i077'-f/'(5eJi«»tt7 7 .-f 
nTSBfC. Nd". E r»-tt^©#±a5c**»»Lfc 

*an*7 7"f/Xtt««i. 5 5 tfm*(CU— tfi|»mtt 



' ; ^1^^4-3 2 4 3 3 5 

2 

[0 0 0 5] 7^>jti»«8tt#ajB 3tt4 tj ajRT . d54JJ| 

w 7 v > jr a m * * l rms <b ft * ^ -x co jt/t 
[0006] tc^T. cneo3tit«s*fflo»rjcas 

1 0~*l 0 0mW£O9;aj^7tAtffl#t$tl4Ci:{C7i 

[0 0 0 7] CCOJ;?&Stt^ftco£lI*f!J|chL 
T«AtfH 6 K^SftSJ: 5^S«AA-^M4 *><o 
?5<£5. CC0«g|AA-6 ltt*lS«g6 4<7)tUJ]iHt 

tt C co£3£ A- 6 1 *r 6 L TtC Hr 6 3 « 
[0 0 0 8] 

O J: 3 i-T -SAW] ±igco 

[0009] cot*. 7j-r/^ifng|groffi^3t$fts 
*««g co a a ksr ? r -r a «%m l $ $ -e co u a 

M^mUlLXi; >J-->?L<t:o£Lrz®'2r, 7«J-~ 

[ooio] fcs^. -necofpn^-r-s^icTtias 
a*. ^awafcjtiBffljscoftjii^^^^^-r^cia 

[ooi i] *awtti»a»4*fluc«*Tft*nfct,o!) 
-e-coawi-rsic^tt. 5tiitiscotfi77«(w 

[0 0 12] 

[sia$«i*-rs/i*co¥g] ®u**%imz%zmm 

SSWm-Z&Z. *^B^lCfi5^7t«*§SgcoiBf7tai77«MI(oj 
Stt. -OOTJgJiiLT. 01 CO (A) IC^$n-5<^3 

ic. Ttmsis i o i ^em^^n-ad^-Ttco^^^*^ 

-^T^a^Ttt 10 4c. 7fciS*i& 1 0 1 CO 

mtimi o 2 M^«icos*fso jtco^^ss^-^-rs 
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3 

SltSIOjtt^^tHlSS 1 0 3 t. ft^Tt^n^ESS 1 0 

0 3r&tiiL/Zlx#mOX£<»i£$:#st>Zmm<m2&l 0 

5 1. iigcsss i o 5 r#it)tzit ! £m&<7)gmmiiit& 
r-5 c iT^tif teas i o i <nmtim i o 2 mnmi&/8! 

ttO#»*'PIST.a«J6EISB 1 0 6 i*IA.. #JS(eJS§ 

1 0 6lC=fc9ii}77iSSl 0 2«jWM»tt*£ttSSnfc99 

1 0 1 a»S0)»^tiiia«)**s*Ttf* 

C. 3t««S 1 0 1 WSi&ftm. 1 1 3 cotfag^-^T 
SSlSTtiS^-^lHlK 1 1 4 £. 7t«gg 1 0 1 <Otfi77 

R 9 ft ^r:^ ESS 1 1 5 i. «S3fcJI*=*EBS 1 1 4 

g£J5fa£f8£-f -5g$«Sfg±®S§ 1 1 6 t. g#/lS9ft 

ass i i 6*»^o*mg[tH:«f sct-cta** 1 o 2 

A. WSIslSSl 1 7(CJ;9iii7jSgl 0 2M^RMli: 
[0 0 14] 

i*. ftistisgi 0 i*»ea^an*fflr^3tto*#atia 

TjSg 1 0 2®J^6(OSItS0ftcO±*$S:^-n-£ r n©^ 
ft^E^ESSl 0 4<i:£3tH9ft€ii^[£]SSl 0 3ti 

ftif^Sl 0 lW^->. ^-7C0*cSg*-5H«-5-W?iJ#fC 

s^sr. aj77*a 1 0 2mt>mWi-cKmmK>m<±^^ 
ts&izitm&ommm**) urnm 1 0 2 <iw 

^sass 1 0 6 ncntr=fcoai^^ 1 0 2m 
fim&. s nt u -5 $ nt n -5 a» *««-c * * . 

COO 1 5] CO 9. fcB7j3Sl 0 2ffi!l7>t^ 

iS5nTt,^jg^-(c(i^jf<figi 0 1 rives; Ttaj^s- Hi 

8§ 1 0 1 £*7IcT2k ^-SC^tt-E-cotHS^^SiTTS 
d£LTJt««»l 0 1^6OTfi^-7tt±i^OT^:t5$Ttf' 
■5. ZtLlZjz 9. tU^jSSl 0 2<MWBB»S#(Clii9f7tttl^7 
^Hi^Sn^o^^lCTSSCO-C. SSfta}77£goTBfC 

a n -5 ck a /a js & * ^ < r w t a« -c £ -5 . 
[00 l 6 ] ik&(o&m<r>9tm&&<Dmyt}ii?i&mizi& 
Tti. ftratgsi 0 i<75@eftisi 1 3<a#c«B£$a<gft 

iK^^fslSS 1 1 4ttz?L. ftlHHSSl 0 1 

(DtiLJjmi 0 2<M7S>60S3tj£9ft<0:*:;*$S£St/l?9 
ft^E^laJSS 1 1 5 -C^i-fTZ. 3«P(l^±[2lSS 1 1 

6 um&ytm*-?iBi&i 1 i-z^-zznfiim&ftm 

1 1 3OTtt.«tcfE:i;fc^:#$<753qi(il$-S±-r5. 



(3) #^¥4 _ 3 2 4 3 3 5 

±9 fcfi^f5 2<ogqMl£fc±-r-5. 
[0 0 1 7] PlJgSSS 1 1 7»iS#tS?Oft^-*{E]28 1 
1 5T&aj£n£g*ff?9ft£giglB?g±G]gS u 6 S> 
e,<D3£lEfil < i:i±4$-r5C l i:Till77SS 1 0 2CT<D(«»/^ 

sits? 9 3t*«±jfiOT» i OTgtgfai 9 1,** iMBHcaia 

io -s. tu^as i o 2mt)mi6LVit&<r>n\z 

«ae3tai**7cr4tt<t*. 7t««»i o l^sua 

£n*ff#fttii7jco*££*-Ftf-5. 
[0 0 18] g»8l»35C«)**$t»TA<*«> 
T. Sfpffl$8±(sIS& 1 1 6^^<OSipffl$«Aff±jjB05 
^ 1 WSOifflcfc 9 fc/h$v^ 2 WSOSOiL. Cco^2 

&fr&pmTz£?iz-rz. ttS7j« i o 2m*mzmm 

&mtf3.-3ft&flZ\tS.mmr)%;<nJzg2fiiZ.<Df&2<n& 
WmZ&x.i<nT. PlO^gftiSIl 0 3 >(CT -5ft 
-3? £*LTftJ8«3g 1 0 1^6«5tfi^*iSIfta^<i:-r'5. C 
ntC=k9ftiStI&l 0 
[0 0 19] 

tCtt*$BfI<D— tIJSflli LTOTftigSIfCDfSift 

^±^muay7'(^9tm^^m^. entity-*.? 

[0 0 2 0] 02 KZfcHT. 2 0iiS±»77l'A" 
iLTE r ^^Sn^r-T/'N^ 0 0 $rfflUT3t^fa|g^6 

jo ofi¥ft£ia*i-r*ftiatsHT;fc9. e r ] -asan77"f 

A' 2 0 0 «rW^|6iagr^/tJ6Wffift[ElgS2 0 5. Sig 
l/-Wt-h-2 0 3, WDM (KS^fi) #77 2 

oii. «^(fii{ag-r-s^*05ffi»i[Hiss2 o e.- igu 

-^t-K2 0 4. WDMAy72 0 2tS^I 
StSns. d<757ttS<SSg2 0 (4ffi»j[HlSS 2 0 5. 2 0 6 
*«t>Sntl<>5^t;2 0 d BrrKDm&mZft-Obnt. 
ffi»jSSS2 0 5. 2 0 ed^^an^tftjsfiSi^ 

[0021] 2iajt»i6ittggiturojtA7"7t; 

*9. 4-3C0!«T®~€)$WL. SSS^©(C(i7ttS<iS2 

o^e<75tstift#7t7itA77$n. 3a^c3)ti7ty— x^ts 

*iS2(Otii77«S<i:LT(7D7tn^/;^4(C}S«l!$n.S. « 

9co3a^F®. ®icii-g-n-ensftig2 2. 2 3 

c:T. ft*?? 2 1 (4-€-<0?}-i^]tXi< 9 : li4 

ft^^0, (3)(C9 : 1 ws^-e^i&snTai^sti, 
ft^^©. (Die 9 : 1 row&T»®anTiii77sn 

50 4**A7'7 2 l«)»«ttttyXfATB*2ftS 
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(4) 



- 3 2 4 3 3 5 



4. 

[0 0 2 2] -f*g§2 3(4*ig*lg32 Oj*»«S0)flM»Jfc£ 

COT s fc^{cS7 l dSS 2 2. 2 3tf>&i£59i*£i?L <Trt 
(4. ftiif^l 1 S4*tftT,j5-5<Z)T. Sitls2 2{C(iS 
♦tR9 3fc«ft«CJtWO;tajftA«. *fcS*t»2 3 ICttff 

(0 0 2 3 ] #&it*S3§ 2 4. 2 5iiZ^OS7tS2 
2. 2 3<OtB^7*'Jn7*-CJt*r-5«)liU^;Ua^* 

atC^^-TS^CO-C* 5. 2 6 2 
4. 2 5<DEftrti^n^nAft£nT-?-<Z>Stt£*5!>-5 

<iffift3ft-5g#<iti4g*f3 2 2, 2 3 CD £1J ft 
SLfcfcOt&O. £;ftg§2 2 £ 2 3 £H ft Wit. Tfc 
^%«^7t*ft tS*fl?O3t«ftcoJt(ClS0-r-S. 
*#tttttt«»2 8(ZAft3n-5. 

CO 0 2 4] JttfcS§2 8IC}4a*g*J£??±tHl8§2 7;i><=> 
S£pmJEVref »<Aft5nT±5 0, tfctfcig 2 8 ttSftiS 
WS2 6WM»(a*CWSqimJEVref &ftttU 
tnm&lzS^gmftmtfgtZMfZV ret *«*fcttft 
«IK»l(eJSS 2 0 5 . 2. 0 6 **>1--5iMffll{f 
gqs«/£Vref SSAnift 7t5fflM§*^4 30 

z<Dmmmmtt\^nm.mm&2 o 5. 2061;^ 

6OTt±ift3jEi. SftROje^Sc^HS- (3*7 :?Sato< 
SE«Jtt.«i^n3TV^-5«^) CDM»jtitI§S2 6(Oii}fta 
flE£©«t».SK:R«attS. cajfca^^KttSRJfc 

3fc7'-x^teBS2Ste<73«ig^esis5{;s«T#-5. 
4. SR7t7 7-r a'3(s. -e-wajftSfl^ffi^ta 

'(»o. \%<»m<om t/3.0. HttsnTi»5«^i: 

«-14dB (^4?5C0^07t) iSifeWiOTJdf 

3*7*OTM5fcJ3cfctf*eft7'5tf>l* A«*^cf}i*a-r 
4. 

[ 0 0 2 6] 5#»2 3liJttWiS2 0jJ»e,a>«*jte* 
ftSr^n^LT* O. -ft, S7t§§2 2 SigRJtt^r-f 



#§§2 2 <h 2 3 <75£ijft£;£8:<rc*tftiS*igg2 4. 2 5 T 

^*3«{t^Me«ft tR»Hojtt«ft*»a»#r«ct 

[0 0 2 7] E3<73 (a) fCTcSn-SJ: "5 !C. ft 

«f»2 0T2 0 d BmtCJ§<g$ft7tff^ft',4. S.^ttffi 
l:*43* - 3 0 d B^SIf snt. ftftT"^ 
1 0 dBmCEatROJfcTWRO. Sftfg 
2 2tC!4- 2 0 d Bm«3fi»aii5}t«ft**ttasn4. 
-ft. *M6»2 3fCfi 1 OdBm<7>ft^3tt«ft*<«tiU$ 

n-s. rn<5£*f&&3i w»ii*iS2 4, 25. sa 

tt«8 2 6 tCfc-581*) t3i. - 3 0 d BWfctlft75q# 

ens. 

[0 0 2 8] ^TlC. 0 3OT (b) fC^ft-SJ;? !C. ft 

t= 4. C<75^^. ftlStlig 

2 OT 2 0 d BmKigWSftfcfi^Jfcfi. BB&tK&da 
*3**^iT-14dBmitK»tSnT. ftftT^© 
©SflcedBroSWIOMlD. gftS2 2!C!4- 
4 dBm<7DgStM03taft^tii$n-5. Sftgg 
2 3 'CJ4 1 0 d BmCOff^7t^ftd^aj$nT^-S<73 

r. rnes^jswsjscrixi:. - 1 4 dBoasfta^e 

[0 0 2 9] -A\Z. 0 3(73 (c) (CTK^nSck-pC ft 

mi&3s&*7v>Vim-c. A^mRft y 7 -r 3 o 3 * 7 
^ai^wacttumcftatxotr*. ft«<ss 
2 od^coo d Bmcoft^ft (T&f3^ig*i£ftTt>& 

<^fl*fft) (4. BB««jRK:**il*^^*-e- 1 4 d B 
m75<5*fSnr. 7tft7*7C0®ia^(C- 1 4 d BmWS 
lt8IOje*«B!0. £fti§2 2IC54- 2 4 d BmOTSatS 
03t«ft*««iasn*. £ft§§2 3 ICI4- 1 0 d 

(*»-r«t. - i 4 d Bcoajftd^ens. 

[0 0 3 0] MtC. 0 3tf> (d) (C^nSd: "5 !C. 3t 
2 0jS>S«)0 d Bm«)fll*Jttt, 

^ai»-c- 3 o d Bma*K*fj*nT. Ttfty^co^sa^-tc 

- 3 0 d Bm<OK3tES9 3fc7W53 9. §^31 2 2 ',C (4 - 4 

0dBm<7DS»SI0jt«ft^aiSn-5. S/t. 

2 3 IC(4- 1 0 dBm<nm^%:nj]tf&ti!,$tlX<<^■Z><D 

-c. cn^^^sc^^-r^i. - 3 o d B<75fflft75^#e. 

tt-5. 

[0 0 3 1 ] CCOi^lC. ^»jlStigg2 6COtliftlC!4. 
5tHtlS2 0OT^->. ^-7*-5^(4^JJ#35©j(C^75^b 

;4®^7t<75- 3 0 d BmKttWLfciiSftA*. Bflgt^nT 
^5iS-&!Ci4- 1 4 d BmlCJtCTL fctHft *l-5<75 
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(5) 
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V, 0 dBmt-l 4dBmff)*.«i:l6S3 

n/igfg^EEVref (ffUU- 2 4 d B mlCfcfpT-S* 
BE) <htt«T£c:<i:T. £R*7 7-fA3cotii7jiiS7MBfl 

asnti^Av ^K$nTu^>^$*i|^r#-5. ceo 

SS2 0S. 2 0 6 S^>!C-r-5«k-5i&HaifI^*4-Ar3t 
i^fIIS^6OTft^7t^7t)StaS2 OTtStiLTB57ttB?7 
£iiJ7jU BflSS:$nT^-5«^{C!iffiftEK2 0 

5. 2 o 6 &*yizT*<ti?m'mmn&5-jLTftmm& 

[0 0 3 2 ] i&LfcH^IT'ri. JSR7t7 7-f A3CO 
T-5«fc "5 IC ^fga^tecntcRSSn-SfccOTfiift 

dntcpgens tiCTtt4<, 7-7 >*««»* 4 
Co o 3 3] m4iz',i*mmv>m<nni&m<7fi2tiz. 

5 OttE r ) -$II17r-fAT*0 1 CCOE r 3 -f3sttJ7 7 
■f A' 5 0 tZ !iffi*i(sISS 5 7 . agl/-f/-f a!— K S 

8. WDM*?? 5 l*6^ffl<ca&%ftt*Jft£ttT 
*39, *n»CJ:0 3ttiaft#l*>6roMJtt*iB*LT« 

n * 7 * 4 ic mm. £ nfc«R3te 7 7 -r / 1 3 c a 77 r -a . 

[0 0 3 4] S?t§g5 3liigU-f^-ft-H 5 8 CO 

5 3OTffi7jtiS^Sffi^^IlIS5 5 5lcA7J$n^. S«P 
«ffi»£E»5 5tt£0>«3fc»5 30>ajflK:j6i;T. I" 
— tf5^-f *— K 5 8*^®lg^ai7J$tXTU4^(Cfi 
SB 1 Wg^SEEVrefi Sr. ®)€7tA l ffi7J StlTV^l^ 
Ct±S2COSq!a/iVref:S{U7jUr. zt\ztt&® s 

[0 0 3 5] fi^*£®e7t££irr£WDM;*7 7'7CO 

&mmz\t>£.ft&s. nzmanx&ry. rcos?ts5 

2 li&Rft 7 7 -f A 3 *e> CO git SI 0 X £ * - * T -3 cfc 
ol:4otl>4. CC0£;ft3§S 2COffi7J»ite«I§§5 4T 

««3nTJt»3S5 6 icAr;sn-5«fco«fie3n5. Jt 

8S5 61*3*85 2T&ffi;*n/i£<ttgS9 jtcO;*:^*$ 
£S^P*J£?S3•!EISg5 5^6c0S«PaJEitt«-r^C<i: 
T. 7-f A3 (MA* £5* R0 3ttA«***»S7&» 



[0 0 3 6] «t. ccoHiffiCT^acoftf^ &~tsiw$n 
§i s cota timizmmuftmRyty 7-r A3 n<t&<nms*> 

4 O J i £ i* S§ ( C Hi m S n T ^ -5 # Jg CO ift & iZ n H T & 
4. CCOliS-. 5ag>tU — !f^t- H 5 8A>«i»i®€ 

(CJSCTgcSSffifgilHlSSS 5A»i5i05(CjSSn4J: 
■5 IZJB 1 coSiEPS/EVref. A^SSntl^. 

20 [0037] c co is g-. s*^R03e^a:«<!:^^^^c^r»o•c , 

(*W JC»i»^3« (0-3 0d BS*<0 850*31***) . 
KJttS?0Jfc^-5'/fl«>55e8S 2COtli77*ff!ia5 
. .SaTiJn^iii;, SJtJntl 1 cogigS/EVre 
ft £TF£ft«. cnCiOtt»S56!i^H SI/jESS 

[0 0 3 8] ^K. 3tlt«S*<5i->«)tt»T?5»^fiR3t 
7 7-f A3 COU^^SgTMBfl&SnitlSS-, CC03*<? 

*sst- 1 4 d BH*<ofi*tR9}fca«»£-r*. :tii: 
20 «fcos*i§& 2 coaj7j(Bi{c«. ta<s$ntft^7tS73ic 

tt«Lfe«JE**Hn«. cntCJ:0S*f§5 2cot±i7jm 
JEfiS 5 «*> b Ttk 2 n* <fc a tcm 1 COS* m£E V re 
ft SSA-SC itCTi*. tit. cn75<tt»8S 6-?*i| 
SSnt. .BftHB8 5 7 *3f7, f 5 ®g*i!S* Ti- 
tter -5 COT. 3tiS«Sl A»S<»fln*3tt»4E r'-jSfln? 

7-f a'5 o-ctf<i$n'Sc:«*:^<-s-cosssR*77'f 
A3(Hica}7j£tt£. 

[0 0 3 9] C«)«t5K:*»«»*«fll«fPffl*»-3»9i 
»fc/4t^-C»4. SI+HOjtcOTC^S^fbT^Ci'.C 
JO ^-5^. li*fPfflt»fc^«f»S*»Ctt-€-n**a3t»5 3CO 

»JgSn«*qi«JE*«a! 1 cog£pm/EV ref. =fc 0 
S2<OS«PS/EVrefz<«:^*. CCO^. *«ti§§^^ 

7T»>oMR7t7 7< A-3 coai^ss^siasnT^-s^F 

tCSi, 3*S§5 2cotU73«EEt)*J9tiS§co#i|f#^7f^(S 
Ut)fflt44*<. -?-CO^-g-Cfca5=fco.«c(C7K$n-5 
=fc -5 (CHS 2 cosqs^EEVrefz ^±-C*4fe*®ie*illt4 
*7CO£$iC#S*#Stt3. 
[0 0 4 0] $ 6 C3tJfl <@S*<^7C0tlcS8-CgR*7 7 

0 7t^^^«.®(C^£*CO-C. SjtSo 2COttS7ja/E«S 
5 ^co.=5.d(C7n-r c k^(C^2coS*SmVref ; WTi:^: 

[0 0 4 1] Jii^COmgOTTfJ. WDMAy7«*«ffl 
i&«fflTS Iit7 7 -f /N-7tifitSiicOft|?#«tt^9?ft:2 
t+ * C i A < S «SI 0 * £ ^ 9 L T R»«ftg f^tflnT 
5«t^JZLTl^/l<. S 2 coH^ITS&HflL 

fl£of£Xfi 7? 2 I Sffll^TSWJKOJtOT^e-^ t* 
50 tf*iS<o^>/'^7*^air*i;^(zT4ri: fjHjftg-c 
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(6) 
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10 



ftmmjj^o 7 r -r yt5tJg«3gjcafflr-5 c t 1> mt&-c 

ffl^.T®g3t3S*Nd : Y A G U—tfW&lKthtl \s—*f 
fC a * a A -5 C £ C cfc 0 7 T > if4i§S'\G0 jgffl 51 Rg -c 
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(54) HIGH OPTICAL OUTPUT PROTECTIVE CIRCUIT FOR 
OPTICAL AMPLIFIER 

(57)Abstract: 

PURPOSE: To prevent the occurrence 
of such a dangerous state that a high 
optical output hits the eye of an 
operator by automatically preventing 
the emission of the high optical output 
from the output end side of an optical 
amplifier when the output end side is 
opened. 

CONSTITUTION: This high optical 
output protective circuit is provided 
with a signal light monitor circuit 1 04 
which monitors the magnitude of signal 
light outputted from an optical amplifier 
101, reflected return light monitor 

circuit 1 03 which monitors the magnitude of reflected return light 
from the output end 102 side of the amplifier 101, arithmetic circuit 
1 05 which finds the ratio of the magnitude of the signal light 
detected by the circuit 104 to that of the reflected return light 
detected by the circuit 103, and discrimination circuit 106 which 
discriminates the opened/connected state of the output end 1 02 
side of the amplifier 101 by comparing the ratio found by the circuit 
105 with a prescribed reference value. In addition, this protective 
circuit is constituted to reduce the magnitude of the signal light 
output from the amplifier 101 when the circuit 106 discriminates that 
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[WHAT IS CLAIMED IS:] 

[Claim 1] A high optical output protector circuit comprising: 
signal light monitor circuit (104) for monitoring the intensity 
of signal light outputted from optical amplifier (101), 
reflected returning light monitor circuit (103) for monitoring 
the intensity of reflected returning light from the output 
terminal (102) side of the optical amplifier, operation circuit 

(105) for determining the ratio of the intensity of the signal 
light detected by the signal light monitor circuit and the 
intensity of the reflected returning light detected by the 
reflected returning light monitor, and judging circuit (106) 
for judging the open/connected condition of the output terminal 
side of the optical amplifier by comparing the ratio determined 
by the operation circuit with a predetermined reference value, 
wherein the intensity of the signal light output from the 
optical amplifier is lowered when the judging circuit . j udges 
that the output terminal side is open. 

[Claim 2] A high optical output protector circuit comprising: 
exciting light source monitor circuit. (114) for monitoring the 
condition of exciting light source (113) of optical amplifier 

(101), reflected returning light monitor circuit (115) for 
monitoring the intensity of reflected returning light from the 
output terminal side of the optical amplifier, a reference 
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value generator circuit (116) for generating a reference value 
with an intensity in accordance with the condition of the 
exciting light source monitored by the exciting light monitor 
circuit, and judging circuit (117) for judging the 
open/connected condition of the output terminal side by 
comparing the reflected returning light detected by the 
reflected returning light monitor circuit with the reference 
value from the reference value generator circuit, wherein the 
signal light output from the optical amplifier is lowered when 
the judging circuit judges that the output terminal side is 
in an open condition. 

[DETAILED DESCRIPTION OF THE INVENTION] 
[0001] 

[Field of the Invention] The present invention relates to a 
high optical output protector circuit for an optical amplifier. 
Just as amplifiers are the basis of various devices in the field 
of electronic circuits, optical amplifiers which can directly 
amplify light are essential elements particularly in the field 
of optical communications in order to realize high functions 
and high performance for optical communications systems. 
Optical amplifiers have been actively studied in the world' s 
leading communications research institutions, and at present, 
the stage of practical use is coming. In such an optical 
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amplifier, if a high light output enters human eyes by mistake, 
the eye will be damaged, so that some type of protector is 
demanded. 
[0002] 

[Prior Arts] Optical amplifiers are mainly divided into three 
types, that is, semiconductor optical amplifiers, rare-earth 
doped fiber optical amplifiers and Raman optical amplifiers. 
[0003] A semiconductor optical amplifier is basically 
constructed in the same way as a laser diode so that a gain 
mechanism in a semiconductor active layer by means of current 
supply is used to operate the device at a lower level than a 
vibration threshold, whereby optical amplifying action for 
externally supplied light is obtained. 

[0004] A rare-earth doped fiber optical amplifier uses an 
optical fiber, in which a rare-earth element such as Nd 3+ , Er 3+ , 
or the like has been doped into the core, as an amplifying medium. 
In particular, an Er 3+ doped optical fiber has a laser transition 
frequency in a 1.55]jm band, so that optical amplification in 
this band is possible, and application to optical 
communications systems has been expected. 

[0005] A Raman optical amplifier is constructed so as to obtain 
amplifying action through an optical power converting process 
from exciting light to signal light by using stimulated Raman 
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scattering phenomena. As forms to which these optical 
amplifiers are applied, optical amplifying repeaters, optical 
pre-amplif iers, and optical booster amplifiers are 
considered. 

[0006] In a case where an output of an optical transmitter is 
amplified by these optical amplifiers and outputted, high 
output light of several tens through several hundreds mW is 
emitted as an optical amplifier output. If such high output 
light enters a human eye, the eye may be damaged, so that some 
protector becomes necessary. 

[0007] Conventionally, as a protecting measure against such 
high output light, for example, a protective cover as shown 
in Fig. 6 is used in some cases. This protective cover 61 is 
to cover optical receptacle 63 as the output terminal of optical 
amplifier 64 , and when using this device, this protective cover 
61 is slightly shifted to expose the optical receptacle 63, 
and short-length optical fiber 62 for connection to another 
device or a connection to a transmission path. 

[0008] 

[Problems to be Solved by the Invention] However, the effect 
of the abovementioned protective cover is as a dust-preventive 
measure for the optical receptacle rather than protection 
against high optical outputs. 
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[0009] Therefore, in a case where output light from a fiber 
optical amplifier is connected to another device or 
transmission path via a short fiber, the output terminal of 
the short fiber always emits a high optical output, so that 
the protective cover does not perform the role of protective 
measure against high optical outputs any longer. Particularly, 
in a case where the output terminal of the fiber optical 
amplifier is open for cleaning while the short fiber is 
connected to the output, an operator sometimes carelessly looks 
into the output terminal of the short fiber in order to check 
the clean condition, whereby the high optical output may enter 
the operator's eyes. 

[0010] Of course, if the power supply of the optical amplifier 
is turned off during these operations, such a danger can be 
avoided, however, turning on/off the power supply of the 
optical amplifier for each operation is troublesome. 
[0011] The invention is made in view of the abovementioned 
circumstances, and the object thereof is to automatically 
prevent emitting of high optical outputs from an output 
terminal side when the output terminal side of an optical 
amplifier is open, and prevent a danger in that high optical 
outputs enter human eyes by mistake. 
[0012] 
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[Means for Solving Problems] Figs. 1 are principle explanatory 
views relating to the invention. A high optical output 
protector circuit for the optical amplifier relating to the 
invention comprises signal light monitor circuit 104 for 
monitoring the intensity of signal light outputted from optical 
amplifier 101, reflected returning light monitor circuit 103 
for monitoring the intensity of reflected returning light from 
output terminal 102 of the optical amplifier 101, operation 
circuit 105 for determining the ratio of the intensity of the 
signal light detected by the signal light monitor circuit 104 
and the intensity of the reflected returning light detected 
by the reflected returning light monitor circuit 103, and 
judging circuit 106 for judging the open/connected condition 
of the output terminal 102 side of the optical amplifier 101 
by comparing the ratio determined by the operation circuit 105 
with a predetermined reference value, wherein, when the judging 
circuit 106 judges that the output terminal 102 side is in an 
open condition, the intensity of the signal light output from 
the optical amplifier 101 is lowered. 

[0013] The high optical output protector circuit for the 
optical amplifier relating to another mode of the invention 
comprises, as shown in Fig. 1 (B) , exciting light source monitor 
circuit 114 for monitoring the condition of exciting light 
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source 113 of optical amplifier 101, reflected returning light 
monitor circuit 115 for monitoring the intensity of reflected 
returning light from the output terminal 102 side of the optical 
amplifier 101, reference value generator circuit 116 for 
generating an intensity reference value in accordance with the 
condition of the exciting light source 113 monitored by the 
exciting light source monitor circuit 114, and judging circuit 
117 for judging the open/connected condition of the output 
terminal 102 side by comparing the reflected returning light 
detected by the reflected returning light monitor circuit 115 
with the reference value from the reference value generator 
circuit 116, wherein the level of the signal light output from 
the optical amplifier 101 is lowered when the judging circuit 
117 judges that the output terminal 102 side is in an open 
condition. 
[0014] 

[Action] In the high optical output protector circuit for the 
optical amplifier of the former mode, the intensity of signal 
light outputted from the optical amplifier 101 and the 
intensity of reflected returning light from the output terminal 
102 side are monitored, respectively, by the signal light 
monitor circuit 104 and reflected returning light monitor 
circuit 103, and the ratio of these is determined by the 
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calculation circuit 105. This ratio becomes greater than a 
predetermined reference value when the output terminal 102 side 
is open and the intensity of the reflected returning light is 
greater, and becomes smaller than the reference value when the 
output terminal 102 side is connected and the intensity of the 
reflected returning light is smaller. Therefore, the judging 
circuit 106 can judge whether the output terminal 102 side is 
open or connected. 

[0015] Based on the results of this judgement, if the output 
terminal 102 side is connected, a high optical output is 
outputted from the optical amplifier 101, and on the other hand, 
if the terminal side is open, the optical amplifier 101 is 
turned off or its amplification rate is lowered to lower the 
level of the signal light output from the optical amplifier 
101. Thereby, when the output terminal 102 side is open, a high 
optical output is not outputted, so that a danger of high 
optical outputs entering into eyes can be eliminated. 
[0016] In the high optical output protector circuit for the 
optical amplifier of the latter mode, the condition of the 
exciting light source 113 of the optical amplifier 101 is 
monitored by the exciting light source monitor circuit 114, 
and on the other hand, the intensity of reflected returning 
light from the output terminal 102 side of the optical amplifier 
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101 is monitored by the reflected returning light monitor 
circuit 115. The reference value generator circuit 116 
generates a reference value in accordance with the condition 
of the exciting light source 113 monitored by the exciting light 
source monitor circuit 114. For example, when the exciting 
light source is on, this circuit generates a first reference 
value, and when the exciting light source is off, it generates 
a second reference value that is lower than the first reference 
value . 

[0017] The judging circuit 117 judges the open/connected 
condition of the output terminal 102 side by comparing the 
reflected returning light detected by the reflected returning 
light monitor circuit 115 with a reference value from the 
reference value generator circuit 116. For example, in a case 
where the exciting light s'ource is on and the optical amplifier 
101 has normal amplification action, an open condition of the 
output terminal 102 side is judged when the reflected returning 
light is greater than the first reference value, and a connected 
condition is judged when the light is smaller than the reference 
value. Based on the results of this judgement, the exciting 
light source is turned off when the output terminal 102 side 
is open, whereby the intensity of the signal light output to 
be outputted from the optical amplifier 101 is lowered. 
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[0018] As a result, since the intensity of the reflected 
returning light is also lowered, the reference value from the 
reference value generator circuit 116 is set to be, for example, 
a second reference value that is smaller than the 
abovementioned first reference value, and depending on whether 
or not this second reference value is exceeded, it is judged 
whether the output terminal 102 side is open or connected. When 
the output terminal 102 side is connected again, the intensity 
of the reflected returning light exceeds the second reference 
value, so that the exciting light source 103 is turned on again 
to raise the output from the optical amplifier 101 to be a high 
optical output. Thereby, the optical amplifier 101 returns to 
the original condition. 
[0019] 

[Embodiments] Hereinafter, an embodiment of the invention is 
explained with reference to the drawings. Fig. 2 shows a high 
optical output protector circuit as an embodiment of the 
invention. This embodiment is an example of a case where a 
rare-earth doped fiber optical amplifier is used as an optical 
amplifier and applied to an optical booster amplifier. 
[0020] In Fig. 2, 20 denotes an optical amplifier for amplifying 
signal light from an optical transmitter by using an Er 3+ doped 
fiber 200 as a rare-earth doped fiber, which is comprised of 
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drive circuit 205 for forward exciting the Er 3+ doped fiber 200, 
exciting laser diode 203, WDM (wavelength division multiplex) 
coupler 201, drive circuit 206 for rearward exciting, exciting 
laser diode 204, and WDM coupler 202. This optical amplifier 
20 has an amplification rate of 20dBm when the drive circuits 
205 and 206 are turned on, and only transmits the signal light 
from the optical transmitter without amplifying it when the 
drive circuits 205 and 206 are turned off. 

[0021] 21 denotes an optical coupler as an optical directional 
coupler, which comprises four terminals ® through ®, wherein 
amplified signal light from the optical amplifier 20 is 
inputted into the terminal ®, and the terminal (3) is connected 
to an optical connector 4 as an output terminal of the optical 
booster amplifier 2. Optical receivers 22 and 23 are connected 
to the other terminals (2) and ®, respectively. Herein, the 
branching ratio of the optical coupler 21 is 9:1, so that 
amplified signal light inputted into the terminal ® from the 
optical amplifier is branched at a ratio of 9:1 and outputted 
to the terminals (3) and ®. Also, reflected returning light 
inputted into the terminal (3) from the optical connector 4 side 
is branched at a ratio of 9:1 and outputted to the terminals 
(D and ®. The branching ratio of the optical coupler 21 is 
determined depending on the balance between the gain of the 
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optical booster amplifier required by the system and the 
sensitivities of optical receivers 22 and 23 provided at the 
input and output of the optical coupler 21. 

[0022] The optical receiver 23 is for monitoring signal light 
from the optical amplifier 20, and the light receiving output 
thereof is inputted into logarithmic amplifier 25 and its 
intensity is converted into a logarithmic value. The detection 
efficiencies of these optical receivers are supposed to be 1A/W. 
Thus, if the detection efficiencies of the optical receivers 
22 and 23 are made similar to each other, since, the optical 
coupler 21 is symmetric, the optical receiver 22 obtains an 
output in proportion to the reflected returning light power, 
and the optical receiver 23 obtains an output in proportion 
to the signal light power. 

[0023] If the outputs of the two optical receivers 22 and 23 
are compared in terms of linear amounts, there is an excessive 
level difference between them, so that the logarithmic 
amplifiers 24 and 25 convert these outputs into logarithmic 
values whereby the comparison becomes easier. 26 denotes a 
differential amplifier for determining the difference between 
the outputs of the logarithmic amplifiers 24 and 25 when they 
are inputted. Therefore, the differential value outputted from 
this differential amplifier 26 is produced by logarithmically 
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dividing the outputs of the optical receivers 22 and 23, and 
corresponds to the output ratio of the optical receivers 22 
and 23, that is, the ratio of the signal light power and 
reflected returning light power. This differential value is 
inputted into comparator 28. 

[0024] A reference voltage Vref has been inputted into the 
comparator 28 from reference voltage generator circuit 27, and 
the comparator 28 compares the differential value from the 
differential amplifier 26 with this reference voltage Vref, 
and based on the results of the comparison, if the differential 
value does not exceed the reference voltage Vref, a control 
signal for turning the drive circuits 205 and 206 on is 
generated, and when the differential value exceeds the 
reference voltage Vref, a control signal for turning the drive 
circuits off is generated, and the generated control signals 
are supplied to the drive circuits 205 and 206, respectively. 
This reference voltage Vref is set at an intermediate point 
between an output voltage of the differential amplifier 26 in 
a case where there is reflected returning light from the optical 
connector 4 side (the connector terminal of the short-length 
optical fiber 3 is open) and an output voltage of the 
differential amplifier 26 in a case where there is no reflected 
returning light (the connector terminal is connected) . The 
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short-length optical fiber 3 is connected to this optical 
connector 4, and the optical booster amplifier 2 can be 
connected to another device or transmission path via this 
short-length optical fiber 3. 

[0025] Hereinafter, operation of the device of this embodiment 
is explained. Herein,, explanation is given on the assumption 
that, when the output terminal of the short-length optical 
fiber 3 is connected to another device, the reflected returning 
light is -30dB (approximately 0.1% returning light) , and when 
the terminal is open, the light is -14dB (approximately 4% 
returning light) . Herein, in order to simplify the explanation, 
fiber, connector loss and optical coupler insertion loss are 
ignored. 

[0026] The optical receiver 23 monitors signal light power from 
the optical amplifier 20, and on the other hand, the optical 
receiver 22 monitors reflected returning light power from the 
short-length optical fiber 3 side. The outputs of these optical 
receivers 22 and 23 are converted into logarithmic values by 
logarithmic amplifiers 24 and 25 at the next stage, and a 
difference between the values is determined by the differential 
amplifier 26. That is, by logarithmically dividing the signal 
light power and reflected returning light power, the ratio of 
these is determined. 
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[0027] As shown in Fig. 3(a), it is assumed that the optical 
amplifier 20 is turned on and the connector terminal of the 
short-length optical fiber 3 is in a connected condition. In 
this case, with signal light that is amplified by the optical 
amplifier 20 to 20dBm, -30dB is reflected at the connector 
terminal that is in a connected condition, -lOdBm reflected 
returning light returns to the terminal ®, and -2 0dBm reflected 
returning light power is detected by the optical receiver 22. 
On the other hand, the optical receiver 23 detects lOdBm signal 
light power, and when logarithmically dividing these values, 
a -30dB output is obtained. 

[0028] Next, as shown in Fig. 3(b), it is assumed that the 
optical amplifier is on and the connector terminal of the 
short-length optical fiber 3 is open. In this case, in signal 
light amplified to 20dBm by the optical amplifier 20, -14dBm 
is reflected at the open connector terminal, and 6dB reflected 
returning light returns to the terminal®, and -4dBm reflected 
returning light power is detected at the optical receiver 22. 
Also, the optical receiver 23 detects lOdBm signal light power, 
so that a -14dB output is obtained by logarithmically dividing 
these values. 

[0029] Next, as shown in Fig. 3(c), it is assumed that the 
optical amplifier is off and the connector terminal of the 
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short-length optical fiber 3 is open. In this case, in 20 
through OdBm signal light (that is, signal light that has not 
been amplified) , -14dBm is reflected at the connector terminal 
that is open, -14dBm reflected returning light returns to the 
terminal ® of the optical coupler, and -24dBm reflected 
returning light power is detected at the optical receiver 22. 
Also, -lOdBm signal light power is detected at the optical 
receiver 23, so that a -14dB output is obtained by 
logarithmically dividing these values. 

[0030] Furthermore, as shown in Fig. 3(d), it is assumed that 
the optical amplifier is off and the connector terminal of the 
short-length optical fiber 3 is in a connected condition. In 
this .case, in 20 through OdBm signal light from the optical 
amplifier 20, -30dBm is reflected at the connector terminal 
that is in a connected condition, -30dBm reflected returning 
light returns to the terminal ® of the optical coupler, and 
-40dBm reflected returning optical power is detected at the 
optical receiver 22. Also, -lOdBm signal light power is 
detected at the optical receiver 23, so that a -30dB output 
is obtained by logarithmically dividing these values. 
[0031] Thus, as an output of the differential amplifier 26, 
regardless of the turning on/off of the optical amplifier 20 
or changes in gain, when the output terminal of the short- 
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length optical fiber 3 is connected, an output in proportion 
to -30dBm of the signal light is obtained, and when the output 
terminal is open, an output in proportion to -14dBm is obtained. 
Therefore, the obtained output is compared with the reference 
voltage Vref (for example, a voltage corresponding to -24dBm) 
set at an intermediate point between -30dBm and -14dBm, so that 
it can be judged whether the output terminal of the short- 
length optical fiber 3 is open or connected. As a result of 
this judgement, when the output terminal is connected, a 
control signal for turning the drive circuits 205 and 206 on 
is supplied and the signal light from the optical transmitter 
is amplified by the optical amplifier 20 to output a high 
optical output- On the other hand, when the output terminal 
is open, a control signal for turning the drive circuits 205 
and 206 off is supplied, the amplification action of the optical 
amplifier 20 is stopped, and signal light from the optical 
transmitter is outputted as it is without being amplified so 
as to prevent a high optical output from being outputted. 
[0032] In the abovementioned embodiment, the optical amplifier 
20 is turned on and off in accordance with the open/connected 
condition of the output terminal of the short-length optical 
fiber 3, however, the invention is not limited to this, and 
an arrangement may be employed in which the optical amplifier 
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20 is not turned off in the open condition, but is lowered in 
amplification rate to secure safety. In the abovementioned 
embodiment, a rare-earth doped fiber optical amplifier is used 
as the optical fiber, however, needless to say, the invention 
is not limited to this, and the invention can also be applied 
to a case where a Raman optical amplifier or semiconductor 
optical amplifier is used as the optical amplifier. 
[0033] Fig. 4 shows another embodiment of the invention. This 
embodiment shows a case where a rearward exciting type fiber 
amplifier is used as the optical booster amplifier 5. In the 
figure, 50 denotes an Er 3+ doped fiber, and exciting light is 
supplied rearward to this Er 3+ doped fiber 50 from drive circuit 
57, exciting laser diode 58, and WDM coupler 51, whereby signal 
light from the optical transmitter 1 is amplified and outputted 
to the short-length optical fiber 3 connected to the optical 
connector 4 . 

[0034] Optical receiver 53 is for monitoring the intensity of 
exciting light of the exciting laser diode 58, and the output 
of this optical receiver 53 is inputted into reference voltage 
generator circuit 55. In accordance with the output of the 
optical receiver 53, the reference voltage generator circuit 
55 outputs a first reference voltage Vref x when exciting light 
is outputted from the laser diode 58, and outputs a second 
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reference voltage Vref 2 when exciting light is not outputted, 
and the outputted voltage is supplied to comparator 56. 
[0035] At the surplus terminal of the WDM coupler for 
multiplexing signal light and exciting light, optical receiver 
52 is provided, and this optical receiver 52 monitors reflected 
returning light from the short-length optical fiber 3. The 
output of this optical receiver 52 is amplified by the amplifier 
54 and inputted into the comparator 56. The comparator 56 
compares the intensity of the reflected returning light 
detected by the optical receiver 52 with the reference voltage 
from the reference voltage generator circuit 55 to judge 
whether or not there is reflected returning light from the 
short-length optical fiber 3 side (whether or not the output 
connector terminal is open) , and when there is reflected 
returning light, the comparator turns exciting laser diode 58 
off, and when there is no reflected returning light, generates 
a control signal and outputs it to drive circuit 57. 
[0036] Hereinafter, operation of the device of this embodiment 
is explained. First, a case where the optical amplifier is on, 
and the short-length optical fiber 3 connected to the output 
side of the optical booster amplifier 5 is connected to another 
device or transmission path is explained. In this case, 
exciting light is generated from the exciting laser diode 58 
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and shows amplification action, and the optical receiver 53 
monitors generation of exciting light, and in accordance with 
the generation, the first reference voltage Vref x is generated 
from the reference voltage generator circuit 55 as shown in 
Fig. 5. 

[0037] In this case, there is hardly any reflected returning 
light (in actuality, there is returning light corresponding 
to approximately -30dB signal light) , the output voltage of 
the optical receiver 52 for a reflected returning optical 
monitor becomes lower than the set first reference voltage Vref 1 
as shown by point a in Fig.- 5. Thereby, a control signal is 
outputted from the comparator 56 to turn the drive circuit 57 
on, that is, leave the exciting light source as in an on 
condition. 

[0038] Next, when the optical amplifier is in an on condition 
and the connector terminal of the short-length optical fiber 
3 is opened, approximately -14dB reflected returning light is 
generated at this connector terminal. Thereby, at the output 
side of the optical receiver 52, a voltage in proportion to 
the amplified signal light power is generated. Thereby, as 
shown by point b in Fig. 5, the output voltage of the optical 
receiver 52 exceeds the first reference voltage Vref x . Then, 
the comparator 56 judges this and turns the drive circuit 57 
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off, that is, turns the exciting light source off, so that 
signal light from the optical transmitter 1 is outputted to 
the short-length optical fiber 3 side as it is without being 
amplified in the Er 3+ doped fiber 50. 

[0039] Thus, the intensity of the reflected returning light 
changes between the case where the optical amplifier has 
amplification action and the case where the amplifier does not 
have amplification action, and when the amplifier does not have 
amplification action, this is judged based on the output 
voltage of the optical receiver 53, and the reference voltage 
to be set at the reference voltage generator circuit 55 becomes 
a second reference voltage Vref 2 lower than the first reference 
voltage Vref x . As a result, when the optical amplifier is off 
and the output terminal of the short-length optical fiber 3 
is open, the output voltage of the optical receiver 52 also 
lowers in accordance with the gain of the optical amplifier, 
however, even in such a case, as shown by point c in Fig. 5, 
the output voltage is still greater than the second reference 
voltage Vref 2 , so that the exciting light source is maintained 
in an off condition. 

[0040] Furthermore, when the short-length optical fiber 3 is 
connected to another device or transmission path in an off 
condition of the optical amplifier, there is no reflected 
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returning light, so that the output voltage of the optical 
receiver 52 becomes lower than the second reference voltage 
Vref 2 as shown by point d in Fig. 5, whereby the exciting light 
source is turned on again and the condition returns to the 
initial condition . 

[0041] In the abovementioned embodiment, by using the surplus 
terminal of the WDM coupler, reflected returning light is 
monitored and a protector function is added without 
deteriorating the gain performance of the fiber optical 
amplifier, and needless to say, an arrangement can be made in 
which on/off of the monitor for reflected returning light and 
optical amplifier is detected by using the optical coupler 21 
as explained in the embodiment of Fig. 2. In addition, the 
abovementioned embodiment employs a rearward exciting type 
fiber optical amplifier, however, if an arrangement in which 
reflected returning light is monitored by using the 
abovementioned optical coupler 21 or the like, the embodiment 
can also be applied to a forward exciting type fiber optical 
amplifier. Furthermore, the Er 3+ doped fiber is replaced by a 
normal fiber, and the exciting light source is replaced by a 
high output laser such as Nd: YAG laser or the like, whereby 
the embodiment can be applied to a Raman amplifier. 
[0042] 
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[Effects of the Invention] As described above, according to 
the invention, when the output terminal of the optical 
amplifier is open, the intensity of an optical output outputted 
from the output terminal automatically lowers, so that a danger 
in that a high optical output from the output terminal of the 
optical amplifier when the terminal is open enters human eyes 
by mistake can be avoided. Since this control is made while 
monitoring the condition of signal light, reflected returning 
light, or the exciting light source, without resetting the 
power supply for the amplifier, the output terminal can be 
automatically returned to the initial condition with a high 
optical output when the output terminal is connected again. 
Therefore, the operation is very simple. 
[BRIEF DESCRIPTION OF THE DRAWINGS] 

[Figs. 1] Principle explanatory views relating to the 
invention . 

[Fig. 2] A drawing showing a high optical output protector 
circuit for the optical amplifier as an embodiment of the 
invention . 

[Figs. 3] Drawings for explaining the operation of the 
amplifier of the embodiment of Fig. 2. 

[Fig. 4] A drawing showing the high optical output protector 
circuit for the optical amplifier as another embodiment of the 
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invention . 

[Fig. 5] A drawing for explaining the operation of the amplifier 
of the embodiment of Fig. 4. 

[Fig. 6] A drawing for explaining the conventional example. 

[Description of Symbols] 

1 Optical transmitter 

2, 5 Optical booster amplifier 

3 Short-length optical fiber 

4 Optical connector 
21 Optical coupler 

22, 23, 52, 53 Optical receiver 
24, 25 Logarithmic amplifier 

26 Differential amplifier 
28, 56 Comparator 

27, 55 Reference voltage generator circuit 

200, 50 Er 3+ doped optical fiber 
51, 201, 202 WDM coupler 

57, 205, 206 Drive circuit 

58, 203, 204 Exciting laser diode 



[Fig. 1] 
[A] 

Signal light 

101 Optical amplifier 

103 Reflected returning light monitor circuit 

104 Signal light monitor circuit 

105 Operation circuit 

106 Judging circuit 
[B] 

Signal light 

101 Optical amplifier 

113 Exciting light source 

114 Exciting light source monitor circuit 

115 Reflected returning light monitor circuit 

116 Reference value generator circuit 

117 Judging circuit 

[Fig. 5] 

Explanation of reference voltage setting 
First reference voltage Vref x 
Gain of fiber optical amplifier 
Second reference voltage Vref 2 

a: Output terminal connected, exciting light ON 
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b: Output terminal open, exciting light ON 

c: Output terminal open, exciting light OFF 

d: Output terminal connected, exciting light OFF 

[Fig. 2] 

Embodiment of the invention 

1 Optical transmitter 

2 Optical booster amplifier 

3 Short-length optical fiber 
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Optical connector 


Connector open terminal 


200 


Er 3+ doped fiber 


201 


WDM coupler 


202 


WDM coupler 


203 


Exciting LD 


204 


Exciting LD 


205 


Drive circuit 


206 


Drive circuit 


21 


Optical coupler 


22 


Optical receiver 


23 


Optical receiver 


24 


Logarithmic amplifier 


25 


Logarithmic amplifier 
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26 
27 
28 



Differential amplifier 
Reference voltage generator 
Comparator 



[Fig. 6] 

Conventional example 

(a) Unused condition 

(b) During use 
64: Device 

61: Protective cover 

62 Short-length optical fiber with connector 

63 Optical receptacle 

[Fig. 3] 

Explanation of power of each part 

(a) Optical amplifier ON, connector terminal connected 

21 Optical coupler 
Connector terminal connected 

22 Optical receiver 
Logarithmic division 

23 Optical receiver 

(b) Optical amplifier ON, connector terminal open 
21 Optical coupler 



27 



Connector terminal open 

22 Optical receiver 
Logarithmic division 

23 Optical receiver 

(c) Optical amplifier OFF, connector terminal open 

21 Optical coupler 
Connector terminal open 

22 Optical receiver 
Logarithmic division 

23 Optical receiver 

(d) Optical amplifier OFF, connector terminal connected 

21 Optical coupler 
Connector terminal connected 

22 Optical receiver 
Logarithmic division 

23 Optical receiver 

[Fig. 4] 

Another embodiment of the invention 
1 Optical transmitter 

50 Er 3+ doped fiber 

51 WDM coupler 

52 Optical receiver 
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3 j 


upticai receiver 


55 


Reference voltage generator circuit 


56 


Comparator 


57 


Drive circuit 


58 


Exciting LD 


5 


Optical booster amplifier 


4 


Optical connector 


3 


Short-length optical fiber 



Connector open terminal 
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